Background: The diagnosis of bacterial vaginosis (BV) is often made according to Nugent's classification, a scoring system based on bacterial counting of Gram stained slides of vaginal secretion. However as the image area of the microscope field will influence the number of morphotypes seen there is a need to standardise the area. Methods: A graph intended for recalculation of number of bacterial morphotypes seen by the observer using 10006 magnification from various microscope set-ups was constructed and applied to data sets typical for scoring BV. The graph was used in recalculation of Nugent scores, which were also compared with the Ison/Hay scores to evaluate the consequences for the diagnosis of BV. Results: The observed image area differed by 300% among the investigated microscope set-ups. In two different data sets, one treatment study and one screening study, a considerable change in the number of women classified as intermediate was seen when the graph was used to standardise the image area. The recalculated numbers were also compared to the Ison/Hay classification. Weighted kappa indexes between the different methods were 0.84, 0.88, and 0.90, indicating that the methods are comparable. Conclusion: Because of the considerable differences among image areas covered by different microscope set-ups used in Nugent and Ison/Hay scoring, there is a need to standardise the area in order to reach comparable scores reflecting the diagnosis of BV in different laboratories. The differences in the intermediate group will have a considerable effect on the results from both treatment and prevalence studies, even though the kappa indexes indicate very good agreement between the methods used.
T he prevalence of bacterial vaginosis (BV) in different populations around the world ranges between 10-30%, 1 making BV the most common health problem affecting women. In BV the vaginal flora are characterised by 1000-10 000-fold increased concentration of anaerobic bacteria such as Gardnerella vaginalis, Mycoplasma, and Mobiluncus. To diagnose BV using the commonly used Amsel's criteria, the patient has to fulfil three out of four different criteria: typical homogeneous discharge, pH above 4.5, positive sniff test, and clue cells seen with microscopy. 2 Gram stained smears for the diagnosis of BV were introduced by Spiegel, who investigated different bacterial morphotypes in relation to semiquantitative measures of the vaginal flora, but the presence of clue cells was excluded from the diagnosis. To fulfil the diagnosis of BV ''Lactobacillus morphotype'' should be depressed (0 to 2+) or absent together with a predominance of ''Gardnerella morphotype'' (3 or 4+). 3 Spiegel's idea of counting bacterial morphotypes on an ordinal scale was incorporated into Nugent's classification, which was introduced in 1991, 4 and this method is now commonly used. Nugent's scoring has been be applied by different investigators with good kappa values. 5 Another classification was recently suggested by Ison and Hay. They assess the relation between the Lactobacillus morphotype and Gardnerella morphotype in Gram stained vaginal smears rather then counting the bacteria on an ordinal scale. 6 7 The original work of Nugent does not state the area covered by the high power microscopic field. The area covered by the microscopic field does, however, profoundly influence the outcome of scoring. For example, in assessing the histological grades of breast cancer, the mitotic counts per microscopic field are calculated. 8 The mitotic activity is assessed in a minimum of 10 fields. Up to nine mitoses per 10 fields gives a score of 1, 10-19 mitoses gives a score of 2, and more than 20 mitoses a score of 3, based on a microscope with a field area of 0.274 mm 2 . This scoring system can then easily be adapted to other microscopes with different field areas using a graph that has been constructed for this purpose and which compensates for differences in microscopic area. 9 This standardisation enables pathologists to compare data with those from other investigators.
The purpose of this study was to construct a similar graph for use in recalculating Nugent scores for the diagnosis of BV and to evaluate the consequences for Nugent's and Ison/ Hay's scoring in two different patient materials, one from a treatment study and one from a prevalence study.
MATERIAL AND METHODS
The diagnosis of BV was based on the Nugent scoring system 4 (table 1) where the numbers of different bacterial morphotypes in Gram stained smears are counted in high power fields using microscopy with a 10006 magnification. The points achieved from the number of different bacterial morphotypes are added together, with a total score of 0-3 considered normal and a score of 7-10 consistent with BV. A score of 4-6 is classified as intermediate.
The diameter of the image areas covered by six different lens and ocular microscopic set-ups (table 2) was measured using a stage micrometer with a 0.01 mm interval scale. The diameter of the image area of each microscope was calculated using the formula A = r 2 6phi. The image area of one microscope set-up (Zeiss FL30 in table 2) was used as the reference for Nugent scoring, since this microscope was used in an international validation of Nugent scoring by one investigator in which excellent kappa values were achieved. 5 A graph for the number of bacteria for different scores by field diameter, with the Zeiss FL30 set-up as the reference microscope, was constructed using the difference between the largest and smallest image areas in different microscopes and a table created by adding the same percentage increase in the number of bacteria used as the cut-off point for the Nugent scores (fig 1) .
Slides from one ongoing and one recently completed study were analysed, comprising 913 slides from a treatment study for BV 10 and 8985 slides from a trial for screening and treatment of women with BV and with intermediate flora during pregnancy (Fåhraeus, to be published 2004). All slides were Gram stained and scored according to Nugent by one investigator. In all vaginal samples at least four fields were evaluated, and the estimated number of Lactobacillus morphotypes and Gardnerella morphotypes together with the estimated number of curved rods (Mobiluncus morphotype) per high power field were noted as intervals on an ordinal scale (range 0-100 000 bacteria per field). Estimation of numbers of bacteria in intervals was done assuming that the number of bacteria (1-30) noted in a part of a representative microscopic field can be used to estimate the approximate number of bacteria in the whole field.
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The numbers of different bacterial morphotypes were then transformed to intervals in accordance with Nugent. In addition, the presence of other bacterial morphotypes was also recorded. As we have the numbers of bacteria, these can be used to recalculate new scores, after compensation for the image area of the microscope, with new intervals.
In order to classify the slides according to Ison/Hay, the number and morphotypes of the bacteria were used, and most of the slides with a Nugent score above 3 were reevaluated by one investigator (BC) alone or together with another (PGL) investigator using the Statistics A weighted kappa index was calculated to investigate the agreement between the different methods. A kappa above 0.70 is regarded as good agreement. 12 13 Ethics Both clinical studies were approved by the regional ethics committee.
RESULTS
The diameter of the image area of the six microscope set-ups varied between 0.145 mm and 0.250 mm (table 2) , and thus the area varied between 0.0165 and 0.049 mm 2 . The scores for the different microscope set-ups were adjusted using the Zeiss LF30 microscope set-up that was validated during the international workshop as reference (image area 100%) (table 3). By measuring the diameter of any individual microscope, it is possible to ''calibrate'' the Nugent scoring system.
The consequences of the calibrations were tested on the two patient materials. Table 4 shows a comparison between the Nugent scores validated in the international workshop (Zeiss LF30 microscope set-up) and the scores recorded with the Leica DM LB microscope set up, with an area that is 297% larger than that in the Zeiss FL30 microscope set-up used in the treatment study of BV. Slides assigned to the normal group and the BV group did not change Nugent scores. Among the slides originally assigned to the intermediate group (25.4% of the slides) there was a 24% reduction of this group down to 19.5% of the slides after calibration. The weighted kappa value between the two methods was 0.94.
The comparison between validated Nugent scores (Zeiss LF30 microscope set-up) and scores obtained with the Leica DM LB microscope set-up for the material from pregnant women is shown in The kappa index in the treatment study was 0.88 (table 6 ) and in the prevalence study it was 0.90 (table 7 ). In the treatment study the cure rate increased from 54.6% to 63% and the failure rate increased from 16.7% to 22.0% after calibration of the scores.
DISCUSSION
In all research one must be able to compare data from different investigations. The image area observed in microscopes is often an overlooked variable in various scoring procedures used in clinical research. However, standardisation has been achieved by pathologists in order to compare survival after treatment for breast cancer when the diagnosis is based on mitotic counts per image area seen in the microscope. This kind of standardisation indicates the direction similar efforts in clinical microbiology should take in counting or assessing, on an ordinal scale, numbers of bacteria seen in stained smears.
The differences between Nugent's original scoring validated in the international workshop 5 and the scores obtained with compensating for image area are not large. The calculated weighted kappa index was 0.94 and 0.88, respectively, in the two clinical materials. Such high kappa indexes demonstrate very good agreement. We found good agreement in the international workshop, with kappa indexes of 0.74-0.87 for 12 of the collaborators investigating vaginal smears using Table 4 The effect of using the graph in figure 1 to recalculate the cut-off point in the Nugent scores after compensation for the area of the microscope. Patients were subjects in a treatment study for BV Table 5 The effect of using the graph in figure 1 to recalculate the cut-off points in the Nugent scores after compensation for the area of the microscope. Slides were from a screening and treatment study of pregnant women with the aim of studying pregnancy outcome among women with BV Nugent's original classification. 5 However, complete agreement occurred in only 63% of the slides, and in some slides the score could vary from 0 to 10. Most divergences occurred in the slides classified as intermediate. A contributing factor could be the non-standardised image area, as there was no standardisation of the microscopes used in the study. The contributors came from all parts of the world.
We do not know the area of the microscope that was used in Nugent's original study which was published 20 years ago. Most new microscopes used today are equipped with wide angle oculars and improved lenses, which give a considerably larger microscopic image area. This is why we chose the ZeissLP30 microscope set-up from early 1990s as the reference set up, as the microscope set-up of the new Leica DM LB has a three times larger area than the ZeissLP30.
The Nugent scoring system is excellent in diagnosing either negative or BV positive smears but not intermediate smears.
The reason for this could be that this system was based on only five different series of 50 pregnant women-too small a material to find the troublesome slides. The slides with only Lactobacillus morphotype or with only Gardnerella morphotype are likely to be judged in the same way by various investigators. The controversy occurs in the intermediate group. Three different kinds of slides can be identified as difficult to interpret. Firstly, slides from patients who have BV might be scored as intermediate because there is more than one Lactobacillus morphotype in the slide. This will give 2 points for Lactobacillus morphotype and the maximum of 4 points for more than 30 Gardnerella morphotypes even if the slides contain more than 10 8 Gardnerella morphotypes per field and also contain clue cells. The slide will be assigned a score of 6-that is, intermediate. With an increase in image area in a calibrated microscope set up, more than three Lactobacillus morphotype should be the cut-off limit. Secondly, slides from patients with normal flora that contain 300-500 pleomorphic Lactobacillus morphotypes per field may be difficult to interpret. Some of these Lactobacillus morphotypes are so small that they might be counted as Gardnerella morphotypes. With more than 30 such misinterpreted morphotypes, the slide ends up with a total score of 6 and .30, in order to increase the validity of Nugent scoring in primary healthcare populations. However, when Schmidt's intervals were applied to the dataset in the international workshop, the kappa index in the workshop was not increased (unpublished). Both Nugent's and Schmidt's ordinal scales have an interval of 0-30 bacteria per field. In our screening material of 8985 pregnant women, the estimated mean number of bacteria with Lactobacillus morphotype was 169 (range 1-1500), while the estimated mean number of bacteria with Gardnerella morphotype was 1664, with a range of 5-10 000. It might be that the interval for Lactobacillus morphotype should be in the range of 0-150, while the interval for Gardnerella morphotypes should be 10 times larger, or 0-1500, to adequately reflect the image seen by the microscopist.
As we found kappa indexes of 0.88 and 0.94 when comparing the original Nugent classification with the Nugent classification modified by area, we have demonstrated very good agreement. However, the consequences in our two different materials are considerable. In the screening material the intermediate group would decrease from 13.1% to 8.0%, as most of the intermediate group would be regarded as normal.
In the treatment study the intermediate group would decrease from 25.4% to 19.5%; two thirds of those reclassified would then be regarded as normal and one third would be reclassified as BV. As this was a treatment study the consequence would be that the cure rate would increase from 54.6% to 62.0% and that the failure rate would increase from 16.7% to 18.5% (data not shown).
In the international workshop, 5 the Ison/Hay 6 7 classification which divided slides into three different groups dichotomously, and not on an ordinal scale, had the best kappa index. Interpretation of stained smears of bacteria cannot constitute only a simple counting of the number of morphotypes, as this is a time consuming and futile endeavour if large numbers of bacteria are to be counted or the definition of a specific morphotype is not given or is unclear. The dimensions included in the interpretation of the image seen by the microscopist should be analysed and validated so that classification of the images can be made along what is, in principle, an ordinal scale including intervals of numbers of morphotypes. We therefore compared the compensated Nugent score with the Ison/Hay classification and also found very high kappa indexes of 0.90 and 0.88, respectively, indicating that the two methods are very alike. Nevertheless, the consequences in the treatment study when using the Ison/Hay classification are that the cure rate will increase further to 63.0% and the failure rate will increase to 22.2%. In the screening material the intermediate group will be reduced further, from 717 to 412.
The intermediate flora could be regarded as a flora that is between normal and BV, 15 but this requires that it is a well defined group. There have also been reports that women with intermediate flora have the same increased risk for adverse outcome as women with BV. 6 16-19 After standardisation of the microscopic area, it would be possible to have an international consensus regarding new cut offs. This might be the next step in an international agreement concerning standardisation of the diagnosis of BV and intermediate flora. The Ison/Hay criteria seem to constitute the best classification method, as this will allow the microscopist to synthesise an impression from several microscopic fields rather than a specific number, so that the influence of surface area and bacterial density should be lessened, but Hay/Ison classification it is still rather difficult to teach because it is based on a clinical view rather than on counting bacterial morphotypes in the microscope. It could be that the Ison/Hay criteria expressed as bacterial morphotypes per high power field with a known microscopic area would further improve the scoring for bacterial vaginosis. classification method, as this will allow the microscopist to synthesise an impression from several microscopic fields rather than a specific number, so that the influence of surface area and bacterial density should be lessened N The Hay/Ison classification is still difficult to teach because it is based on a clinical view rather than on counting bacterial morphotypes in the microscope N It could be that the Ison/Hay criteria expressed as bacterial morphotypes per high power field with a known microscopic area would further improve the scoring for bacterial vaginosis.
